Background & objectives: Phlebotomus argentipes (Diptera: Psychodidae), the established vector for kalaazar is presently being controlled by indoor residual spray of DDT in kala-azar endemic areas in India. Search for non-hazardous and non-toxic biodegradable active molecules from botanicals may provide cost-effective and eco-friendly alternatives to synthetic insecticides. The present study was aimed at evaluating various plant extracts from endemic and non-endemic areas of Bihar for their insecticidal activity against sandfly to identify the most effective plant extract.
The State of Bihar has been known to be endemic for kala-azar since more than a century reporting around 80 per cent of the total global cases. DDT [1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane] is the insecticide of choice to control the disease by controlling the vector. However, resistance in vector has been developed against DDT in some parts of Bihar 1, 2 . The synthetic pyrethroids (deltamethrin and permethrin) impregnated long-lasting insecticidal nets (LLIN) have not found to be very effective in controlling sandflies 3, 4 . Prior to the discovery of chemical insecticides in the early 1940s, plant-based insecticides were important products used for pest management 5 , since plants can defend themselves from predator insects 6 . After decades of indiscriminating use of synthetic insecticides, target organisms developed resistance and adverse effects were observed on nontarget organisms and environment [7] [8] [9] . Organic and synthetic insecticides are hazardous and usually nonbiodegradable, in addition to their deleterious influence on the environment. Unlike synthetic compounds that kill both pests and non-target organisms, natural insecticides are relatively inactive against the latter 5 . Over 98 per cent of sprayed insecticides reach a destination other than their target species 10 . However, as with any other pesticide, plant-based products must also be used properly [11] [12] [13] . These are also found to be safe for higher animals and environment 14 . Unlike conventional insecticides, which are based on a single active ingredient, plant derived insecticides comprise botanical blends of chemical compounds which impact on both behavioural and physiological processes. Thus, there is little chance of pests developing resistance to such products. Identification of bio-insecticides that are efficient as well as suitable and adaptive to ecological conditions is imperative for continued vector control management. Approximately 1,200 plant species have been reported to have insecticidal value 15 . Several groups of phytochemicals like alkaloids, steroids, terpenoids, essential oils and phenolics from different plants have been reported for their insecticidal activities 16 . It is essential to find out better alternatives to chemical insecticides that should not only be costeffective, but also eco-friendly and can be used in the community. This study was undertaken to evaluate extracts of various plants collected from endemic and non-endemic areas of Bihar for their insecticidal activity against sandflies.
Material & Methods
The study was conducted at Rajendra Memorial Research Institute of Medical Sciences, Agamkuan, Patna, Bihar, India, during July 2012 to March 2013. Plants were collected from endemic (n=62) and nonendemic areas (n=35) of Bihar to determine their selective insecticidal effect. Specimens were preserved with respective voucher numbers. Crude extracts of plants were prepared in different solvents like water, hexane, ethyl acetate and methanol.
Bio-assay test: Laboratory bred three days old female
Phlebotomus argentipes were exposed to plant extracts soaked in Whatman filter paper No. 1 along with deltamethrin at a concentration of 20 mg/m 2 as positive control and distilled water and the respective solvent as negative controls.
Adulticidal bio-assay:
Crude extracts (50µl) of plant samples were blotted on a 10 cm 2 area of filter paper, dried at 40°C and placed in a 50 ml centrifuge tube. Sandflies (n=10) were exposed in the bio-assay tube for one hour and kept for 24 h in recovery tube with 10 per cent glucose solution soaked in a cotton ball along with control, positive control and negative control 17 . All bio-assay experiments were conducted in five replicates at 25± 2°C and 72-80 per cent relative humidity 18 . The observed percentage mortality was corrected using Abbott's formula 19 .
Larvicidal bio-assay:
The infusion (powdery form) of the leaf and root of Clerodendrum infortunatum samples was mixed with the larval food in different ratios of 1:1, 1:3: and 1:7. Pots were prepared with plastic tray (45 × 30 cm) having cubic wells of 3cm 2 (13 × 8 wells) with a thin layer of plaster of Paris at the bottom. Fourth instar larvae (n=10) were exposed in different rearing pots and were fed on food with plant infusions at different concentrations with negative (without insecticide) and positive controls 20 . Larval mortality was examined under microscope and corrected mortality was calculated 19 .
Phytochemical analysis:
Phase separation -Hexane extract of C. infortunatum leaves was dissolved in hexane: methanol (1:1, v/v) for phase separation (polar soluble and non-polar soluble) on the basis of polarity and each phase was collected and dried at 40° C separately.
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Thin layer chromatography (TLC) -Thin layer chromatography plate was prepared on micro glass slides (5 × 1.5 cm) by making slurry of silica gel and gypsum in dichloromethane. Spots of the methanol and hexane phase of C. infortunatum leaves (hexane extract) were marked with the help of capillary tube on the plate. The slides were placed in solvent (chloroform: methanol:: 93:7, v/v) and left the loaded sample to resolve. The slide was taken out after complete resolution and allowed to dry. Sulphuric acid (20%) was sprayed, observed under ultra-violet light to see appearance of purple spot 21 .
Column chromatography -Silica gel column chromatography was performed using hexane (100%) and followed by hexane : ethyl acetate . Nine eluents were taken out and bio-assay was conducted for the different eluents to find out the molecule(s) responsible for the adulticidal effect. TLC was performed again for the effective eluent with the solvent (chloroform: methanol, 93:7, v/v) and 20 per cent sulphuric acid was sprayed to observe for appearance of any distinct purple spot. The eluent showing the distinct spot was kept for further analysis of molecule responsible for the insecticidal effect. Absorbance was noted at 300 nm using ultra-violet visible ray (UV-VIS) spectrophotometer 21 .
High performance liquid chromatography (HPLC) -The sample showing the purple spot in TLC indicating the presence of diterpenoid was sent for HPLC to validate the active molecule at Sophisticated Analytical Instrument Facility (SAIF), Central Drug Research Institute, Lucknow 21 .
Results & Discussion
Different plant extracts were tested for their adulticidal and insecticidal effect on sandflies. Highest mortality of adult sandflies (100%) were observed with the crude aqueous extract of the leaf of Nicotiana tabacum (Voucher No.PK1) followed by the hexane extract (77.7%) of the root of C. infortunatum (Voucher No. PK90) (Table) . The experiments conducted earlier with petroleum ether (3600 mg/l), ethyl acetate (2800 mg/l) and methanol (4500 mg/l) extracts of Lantana camara leaves showed 39.4, 13.33 and 87.5 per cent, mortality of P. argentipes, respectively 22 . The methanol extract of Tarchonanthus camphoratus was found to be effective against P. duboscqi, but there was no effect of ethyl acetate extract on the same species 17 . Crude extracts from dried aerial parts of T. camphoratus, Acalypha fruticosa and Tagetes minuta were found to reduce the fecundity of P. duboscqi significantly (P<0.05) and vectorial capacity of sandflies in Kenya 23 . The essential oils of Eucalyptus spp. were effective against the egg, larval and adult phases of Lutzomyia longipalpis 24 . Comparable LD50 (50% lethal dose) values were found with n-hexane, dichloromethane, ethyl acetate and methanol extracts of T. minuta and A. fruticosa extracts 20 . The insecticidal action of myrtle oil against sandflies was 62.2 per cent at a concentration of 1 mg/cm 2 (Ref. 25) . Antonia ovata and Derris amazonica displayed significant insecticidal effect against L. longipalpis 26 . Lemon oil applied to human skin was found to be 70 per cent protective against sandfly bites 27 . Neem oil (2%) mixed with coconut or mustard oil was found 100 per cent protective against the bite of P. argentipes 28 . No larval mortality was observed with infusion of C. infortunatum added in larval food in the present study. However, 100 per cent larvicidal effect of aqueous crude extract of N. tabacum leaf was observed in IV instar larvae of sandflies. The leaf extract of C. infortunatum has been found to be non-toxic to Swiss Albino mice 29 . The toxicity of N. tabacum plant has already been reported against African catfish (Clarias gariepinus) 30 , thereby restricting its further analysis as a future insecticide.
The column separated ninth fraction of the hexane extract-methanol phase of C. infortunatum leaf was found most effective (63%) in the bio-assay test. A purple spot appeared on TLC with the same fraction indicating the presence of a diterpenoid. This fraction contained nine compounds. High peaks were observed for compounds 1 and 5 with retention time of 2.439 and 5.182 min and peak area 20.44 and 56.52 per cent, respectively. One of these or both might be the active molecule(s) showing insecticidal property. Presence of the diterpene clerodane cannot be ignored. It has been previously reported that clerodane is a biologically active molecule in C. infortunatum 31 . Further purification is required for confirmation and presence of other compounds by employing further bio-assay tests. Once the structure of the active molecule is identified and validated, it can be further synthesised and formulated as product.
The insecticidal effect of plants varies according to the distribution of plant species in different localities, seasonality, part of the plant used and the solvent used for extraction. Majority of the reports available are on insecticidal effect of plant extracts on different insects other than sandflies. The column separated ninth fraction of C. infortunatum leaf extract was found to be 63 per cent effective against adult P. argentipes. Further identification and characterization of the active molecule(s) is required to formulate a potential insecticide against sandflies.
